Serotonin hyperinnervation of the striatum with high synaptic incidence in parkinsonian monkeys.
The chronic use of L-Dopa for alleviating the motor symptoms of Parkinson's disease often produces adverse effects such as dyskinesia. Unregulated release of dopamine by serotonin axons following L-Dopa administration is a major presynaptic determinant of these abnormal involuntary movements. The present study was designed to characterize the reorganization of serotonin striatal afferents following dopaminergic denervation in a primate model of Parkinson's disease. Our sample comprised eight cynomolgus monkeys: four that were rendered parkinsonian following MPTP administration and four controls. The state of striatal serotonin and dopamine innervation was evaluated by means of immunohistochemistry with antibodies against serotonin transporter (SERT) and tyrosine hydroxylase. A detailed stereological investigation revealed a significant increase in the number of serotonin axon varicosities in the striatum of MPTP-intoxicated monkeys. This increase is particularly pronounced in the sensorimotor territory of the striatum, where the dopamine denervation is the most severe. Electron microscopic examinations indicate that, in contrast to the nucleus accumbens where the dopamine innervation is preserved, the SERT+ axon varicosities observed in the sensorimotor territory of the putamen establish twice as many synaptic contacts in MPTP-intoxicated monkeys than in controls. These findings demonstrate the highly plastic nature of the serotonin striatal afferent projections, a feature that becomes particularly obvious in the absence of striatal dopamine. Although the number of dorsal raphe serotonin neurons remains constant in parkinsonian monkeys, as shown in the present study, their ascending axonal projections undergo marked proliferative and synaptic adaptive changes that might play a significant role in the potential unregulated and ectopic release of dopamine by serotonin axons after L-Dopa treatment of Parkinson's disease.